The structures of two zinc complexes containing bidentate benzene-1,2-diamine ligands are reported.
(Benzene-1,2-diamine-2 N,N 0 )dichloroidozinc, [ZnCl 2 (C 6 H 8 N 2 )], (I), displays a distorted tetrahedral coordination sphere for the metal cation. The diamine ligand and the Zn atom reside on a crystallographic mirror plane. In the 1:1 co-crystal salt trans-diaquabis(4,5-dimethylbenzene-1,2-diamine-2 N,N 0 )zinc chloride-4,5-dimethylbenzene-1,2-diamine (1/1), [Zn(C 8 H 12 N 2 ) 2 (H 2 O) 2 ]Cl 2 Á2C 8 H 12 N 2 , (II), the zinc(II) complex cation exhibits a tetragonally distorted octahedral coordination sphere. The Zn atom sits on a crystallographically imposed inversion center and the diamine ligands are tilted 30.63 (6) with respect to the ZnN 4 plane. Both complexes exhibit extensive hydrogen bonding. In (I), a stacked-sheet extended structure parallel to (101) is observed. In (II), the co-crystallized diamine is hydrogenbonded to the complex cation via O-HÁ Á ÁN and N-HÁ Á ÁN linkages. These units are in turn linked into planes along (200) by O-HÁ Á ÁCl and N-HÁ Á ÁCl hydrogen bonds.
Chemical context
Zinc complexes bearing aryl diimine and/or heterocyclic ligands have been shown to emit brightly in the blue region of the spectrum (DeStefano & Geiger, 2016; Tan et al., 2012; Liu et al., 2010; Xu et al., 2008; Yue et al., 2006; Singh et al., 2011; Wang et al., 2010) . These complexes have potential use in photooptical devices because of their high thermal stability and the ability to tune their color by varying ancillary ligands and coordination geometry (Xu et al., 2008) . Most of the compounds explored have acetate ligands. Substituting acetate with halide ligands provides an avenue for modulating the electronic structure of the complex and, hence, the carrier transport character. Toward that end, we have characterized several zinc complexes possessing benzene-1,2-diamine ligands (Geiger, 2012; Geiger & Parsons, 2014) and substituted benzimidazole ligands (DeStefano & Geiger, 2016) . The benzene-1,2-diamine-containing complexes previously reported have a monodentate diamine coordination mode. We report herein two new zinc complexes containing bidentate benzene-1,2-diamine ligands: (benzene-1,2-diamine-2 N,N 0 )-dichloridozinc, (I), and the 1:1 co-crystal salt trans-diaquabis(4,5-dimethylbenzene-1,2-diamine-2 N,N 0 )zinc chloride 4,5-dimethylbenzene-1,2-diamine, (II). 
Structural commentary
As seen in Fig. 1 , compound (I) exhibits a distorted tetrahedral coordination sphere for the metal cation. Tables 1 and 2 give relevant geometric parameters found in the coordination sphere. The diamine ligand and the Zn atom sit on a mirror plane and, hence, are rigorously planar as a result of the symmetry constraint. The Zn-N bond lengths observed at the two temperatures are the same within the calculated s.u.s. The Zn-Cl bond lengths differ within the s.u.s, with the 200 K structure being 0.0030 (5) Å longer. The bond lengths observed at both temperatures fall within the s.u. of the average value [2.221 (19) Å ] of similar complexes but the ClZn-Cl bond angles are smaller than the average of the values [115 (1) ] reported for similar Zn II dichlorides in a tetrahedral environment (Shi et al., 2010; You, 2005; Lee et al., 2007) .
Compound (II) consists of a Zn II complex cation with two bidentate 4,5-dimethylbenzene-1,2-diamine ligands and trans water ligands, chloride counter-ions and a non-coordinating molecule of 4,5-dimethylbenzene-1,2-diamine. The compound is thus classified as a co-crystal salt (Grothe et al., 2016) . A representation of (II) is found in Fig. 2 . The Zn II ion sits on a crystallographically imposed center of symmetry and has a tetragonally distorted octahedral coordination geometry. The observed Zn-O bond length (Table 3) is significantly longer than the average of the values [2.14 (3) Å ] reported for similar trans aqua zinc(II) complexes (Necefoglu et al., 2001; İbrahim et al., 2006; Karimnejad et al., 2011; Gallardo et al., 2008; and the range [2.008 (3) to 2.147 (3) Å ] found in the hexaaquazinc(II) cation (Lian et al., 2009) . However, it is close to the 2.2057 (16) Å found in the similar cation of trans-diaquabis(cyclohexane-1,2-diamine)zinc dichloride (Karimnejad et al., 2011) . The plane of the 4,5-dimethylbenzene-1,2-research communications Figure 1 The molecular structure of (Ia), showing the atom-labeling scheme. Anisotropic displacement parameters are drawn at the 50% probability level. [Symmetry code: (a) x, Ày + 3 2 , z.]
Figure 2
The molecular structure of (II) showing the atom-labeling scheme. Anisotropic displacement parameters are drawn at the 50% probability level. [Symmetry code: (a) Àx + 1, Ày + 1, Àz + 1.] Table 4 Hydrogen-bond geometry (Å , ) for (Ia). Table 5 Hydrogen-bond geometry (Å , ) for (Ib). 
Supramolecular features
As seen in Figs. 3 and 4 and Tables 4 and 5, N1-H1Á Á ÁCl hydrogen bonds between adjacent molecules result in strips of molecules of (I) along [100] . The strips form planes parallel to (101). Additional N2-H2Á Á ÁCl bonds join the strips to form the three-dimensional network. (II) . N-HÁ Á ÁN and O-HÁ Á ÁN hydrogen bonds connect inversion-related co-crystallized 4,5-dimethylbenzene-1,2-diamine molecules to the complex cation (see Table 6 ). Additional N-HÁ Á ÁCl and O-HÁ Á ÁCl hydrogen bonds join the units, forming planes parallel to (200).
Database survey
The structures of the tetrahedral complexes bis(acetato-O)(benzene-1,2-diamine-N)zinc (Mei et al., 2009 ) and bis(acetato-O)(4,5-dimethylbenzene-1,2-diamine-N)zinc (Geiger, 2012) (Geiger & Parsons, 2014) . Dichlorido[N-(2-pyridylmethylidene)benzene-1,4-diamine]zinc has a tetrahedral coordination sphere with intermolecular N-HÁ Á ÁCl hydrogen bonds (Shi et al., 2010) . 
Synthesis and crystallization
Compound (I) was prepared by mixing a solution of 100. mg (0.734 mmol) zinc chloride dissolved in approximately 5 mL ethanol with a solution of 238 mg (2.20 mmol) benzene-1,2-diamine dissolved in approximately 5 mL ethanol. The mixture became cloudy with a fine white precipitate. After the addition of 4 drops of 6 M HCl, the mixture was gently heated, filtered and allowed to slowly evaporate. After two days, 0.0273 g (0.117 mmol, 15% yield) of clear, colorless crystals were isolated, which were used for data collection. The diffraction pattern showed signs of degradation as the temperature was lowered to 200 K from 300 K and so data sets were collected at both temperatures.
Compound (II) was prepared by combining solutions of 100 mg (0.734 mmole) zinc chloride in a few mL of ethanol and 300 mg (2.20 mmol) 4,5-dimethylbenzene-1,2-diamine in a few mL of ethanol. After the addition of 4 drops of 6 M HCl, the mixture was gently heated and filtered. The filtrate was divided into three portions and each allowed to slowly evaporate. After several days, a small number of clear, colorless crystals in the shape of hexagonal plates were isolated, one of which was used for data collection. research communications Table 6 Hydrogen-bond geometry (Å , ) for (II). (2) 171 (2) Symmetry codes: 
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 7 . For compound (I), data sets were collected at 300 K (Ia) and 200 K (Ib). The diffraction pattern showed clear degradation at the lower temperature. Examination of the crystal subjected to the cold stream showed fractures that were not previously present. As seen in Table 7 , the cell constant s.u.s, R values and S values are lower for the 300 K data set.
For both (I) and (II), all hydrogen atoms were located in difference Fourier maps. For (I), all hydrogen atoms bonded to the nitrogen atoms were refined freely, including isotropic displacement parameters. For (Ia), the hydrogen atoms bonded to the benzene carbon atoms were refined using a riding model with C-H = 0.93 Å and U iso (H) = 1.2U eq (C), whereas these hydrogen atoms were refined with C-H = 0.95 Å and U iso (H) = 1.2U eq (C) for (Ib).
For (II), the amine hydrogen atoms of the non-coordinating 4,5-dimethylbenzene-1,2-diamine were refined freely, including the isotropic displacement parameters. For the hydrogen atoms of the coordinating amines, the atomic coordinates were refined freely with U iso (H) = 1.2U eq (N). The hydrogen atoms of the water ligands were refined freely, including the isotropic displacement parameters. The methyl hydrogen atoms were refined with C-H = 0.98 Å and U iso (H) = 1.5U eq (C). 
Computing details
For all compounds, data collection: APEX2 (Bruker, 2013 ); cell refinement: SAINT (Bruker, 2013) ; data reduction:
SAINT (Bruker, 2013 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component inversion twin. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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